Aim: The objective of the study was to report gender and age-specific percentile values for fourteen commonly used field-based physical fitness tests among a national representative sample of Polish children aged 7 to 19 years.
INTRODUCTION
Physical fitness is nowadays considered as a powerful marker of health and quality of life in childhood (1, 2) . Although all the clinical manifestations usually appear in adulthood, the aetiologic commencement of the disease seems to occur in childhood (3) . In this regard, a higher physical fitness level in children has been associated with more positive health-related outcomes, regarding the present and future risk for obesity, cardiovascular disease, skeletal health, and even mental health related to depression, anxiety, mood status and self-esteem (1, 2) .
Although physical fitness is in part determined genetically, it can also be significantly influenced by environmental factors such as physical activity (4, 5) . Unfortunately, children and youth nowadays rarely meet the minimum daily physical activity recommendation (6, 7) . In Poland for instance, currently only 10-24% of children meet the recommended daily levels of physical activity (7) . In addition, a clear-cut secular trend to higher body mass index and poorer levels of physical fitness among Polish children have been observed in the last decades (8, 9) . Health promotion policies of our countries should be therefore designed to promote health-related levels of physical fitness from childhood (1) . Since in Poland all children attend school, it may play an important role in public health and in promotion of healthy behaviours such as encouraging children to achieve recommended levels of physical activity (1) .
For the above mentioned reasons, introducing physical fitness testing in educational setting seems to be an important national health issue (10) . However, for the optimal interpretation of the children's physical fitness levels, up-to-date reference values from a random and large representative sample of the studied population are therefore required. Ortega et al. (10) recently proposed some reference values of physical fitness among European adolescents. Unfortunately, children's physical fitness levels depend on several biological and environmental factors which differ in each country. Since the preceding study was based on a convenient sample of the population (i.e. it was only arbitrarily selected 3,428 adolescents from ten big European cities, and none of the Polish city was included), these references are not valid for evaluation of the physical fitness levels of Polish children. In addition, the previous study did not provide the reference values for children under 13 years of age. Consequently, the purpose of the present study was to report gender and age-specific percentile values for fourteen commonly used field-based physical fitness tests among a random and large national representative sample of Polish children aged 7 to 19 years.
MATERIALS AND METHODS

Participants
The study was a part of the project "Health of Polish children and adolescents with regard to the growth and level of physical fitness" registered at the Polish Ministry of Science and Higher Education and the Polish National Sciences Centre (N N404 078036). This project was a descriptive cross-sectional and population-based study that examined the growth and physical fitness in a random and large national representative sample of schoolchildren aged 7 to 19 years in Poland.
Participants were selected by a two-phase proportional cluster sampling using as a reference the census database of the Polish National Ministry of Education (retrieved from the Educational Information System). Firstly, the schools were randomly selected from each province according to geographic localization (rural, urban-rural, urban) with regards to age and gender. Out of 696 schools invited to participate, a total of 518 schools agreed to participate in the study. In the second phase, classes from these schools were randomly selected. All children from the selected classrooms were invited to participate in the study. Finally, 413 schools (59% of invited schools) conducted a study in accordance with all requirements.
A total of 49,281 children and adolescents (25,687 boys and 23,594 girls), aged 7 to 19 years finally participated in the study. To make maximum use of the data, all valid data on physical fitness tests were included in this report. Consequently, sample sizes vary for different physical fitness tests. The final number of children reflected the area, province, region and national proportion for each gender and age group.
The principals and physical education teachers of each selected school centre were contacted and informed about the project and their permission to conduct the study was requested as well. After the approval was obtained, data was collected and processed anonymously by physical education teachers as pedagogical diagnosis in accordance with the national curriculum. Voluntary participation and confidentiality of the study were emphasized. The study was approved by the Ethics Committee of the Józef Piłsudski Academy of Physical Education in Warsaw. 
Measures
Participants' physical fitness was assessed by fourteen commonly used field-based physical fitness tests proposed for children and adolescents. Particularly, the EUROFIT fitness test battery (11) , International Committee on the Standardization of Physical Fitness Tests (ICSPFT) (12) , and Cooper (13) test were used. Briefly, body balance was assessed by the flamingo balance test (n); upper-body speed by the plate tapping test (s); and flexibility by the sit-and-reach and stand-and-reach tests (feet tangent at 0 cm) (cm). Then, lower-body muscular explosive strength was evaluated by the standing broad jump (cm); upper-body muscular maximum strength by the handgrip test (Saehan Sh5001 Hand Dynamometer, Korea) (kg); and abdominal and upper-body muscular endurance strength by the sit-ups in 30 seconds (n) and the bent-arm hang tests (s), respectively. Speed was evaluated by the 50 m dash test (s) and speed-agility by the 10 x 4 m shuttle run (s) and 10 x 5 m shuttle run tests (s). Finally, the cardiorespiratory fitness was assessed by the 20 m endurance shuttle run (laps), endurance run (s), and Cooper tests (m). The best score of two attempts was retained for all tests, except for the flamingo balance, sit-ups in 30 seconds, bent-arm hang, 10 x 4 m shuttle run, 10 x 5 m shuttle run and cardiorespiratory fitness tests, which were performed only once.
A detailed manual of tests instructions was designed and thoroughly read by every physical education teacher before the data collection started (14) . Together with the manual of tests instructions, the necessary tests instruments were supplied to schools beforehand. Physical education teachers were strongly advised to perform the physical fitness tests according to provided manual instructions in order to minimize the potential intra-and inter-rater variability. Along these lines, the field-based physical fitness tests administered by physical education teachers in school settings are shown to be highly reliable (15) . Furthermore, it is worth pointing out that additional measures were employed in order to obtain more reliable data, e.g. evaluating all students during the same period of a day (from 8:00 a.m. to 2:00 p.m.) or performing all tests in indoor sport facilities that lead to more consistent environmental conditions.
Statistical Analysis
The data were first scrutinized for potential outliers within each gender-specific group using a conservative cut-off of ± 5 standard deviations (SD) (16) . Only scores that were considered to be biologically implausible were excluded from the dataset. Then, smoothed percentile values were estimated (separately for each gender and for each physical fitness test) by the LMS method (17) .
Unfortunately, the LMS method does not work with zero or negative values. Therefore, since a large number of children scored 0 in the bent-arm hang test and 0 or below in the sit-and-reach and stand-and-reach tests, previously a constant was summated up to make these variables positive (1 s and 40 cm, respectively). After the estimation of percentile values, scores of these tests were reversed back by subtracting the same constant from the percentiles results. On the other hand, according to the protocol of flamingo balance test (11) , when children failed more than 15 times in the first 30 seconds the scores were not retained. As for the flamingo balance test the scores of larger number of children were not retained on this basis, these values were computed by a large score (i.e. 100) and then the percentile values were estimated using standard procedures. For the rest of physical fitness tests no other special consideration had to be taken into account.
According to Cole (18) , the percentiles with equal two thirds SD scores spacing (2.3rd, 9th, 25th, 50th, 75th, 91st, and 97.7th) were reported within 1-year age groups from 7 to 19 years. For more practical and interpretable basis, participants were assigned to truncated age categories (e.g. 10 years category included children aged 10.00-10.99 years). Smoothed percentiles were estimated using the LMS chartmaker Pro version 2.54 for Windows (Medical Research Council, UK). Tables 1-7 show the smoothed gender and age-specific percentiles for physical fitness tests in boys and girls aged 7 to 19 years. The percentile values (2.3rd, 9th, 25th, 50th, 75th, 91st, and 97.7th) were reported within 1-year age groups assigned to truncated age categories. Therefore, if children want to compare their physical fitness level with the percentile values hereby provided, they should simply look at their truncated age. For flamingo balance, plate tapping, 50 m dash run, 10 x 5 m shuttle run, 10 x 4 m shuttle run, and endurance run tests lower values indicate better performance. Therefore, the percentiles have to be interpreted in the opposite way (i.e. the percentile 2.3rd is better than the 9th, and so on).
RESULTS
Figures 1-4 represent the smoothed gender and age-specific percentiles (2.3rd, 9th, 25th, 50th, 75th, 91st, and 97.7th) for physical fitness tests in boys and girls aged 7 to 19 years (except for the flamingo balance test for which the LMS method could not be used). Generally, the Figures show greater physical fitness levels in boys, except for the flexibility levels (sit-and-reach and stand-and-reach tests), in which girls performed slightly better. It can be observed that physical fitness in girls was generally more homogeneous than in boys. There was also a trend towards increased physical fitness levels as the age increased in both boys and girls, although boys appeared to reach a plateau at 16 to 18 years and girls at 13 to 15 years.
DISCUSSION
Physical fitness is currently considered a powerful marker of health and quality of life in childhood (1, 2), highlighting the need of a widespread physical fitness evaluation among children (10) . Unfortunately, the importance of physical fitness tests as significant diagnostic information about the health status of children is commonly ignored (19) . Additionally, the correct interpretation 
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of physical fitness levels requires comparing the scores obtained in a particular child with reference values of population of the same gender and age. In this context, the study provides gender and age-specific percentile values for fourteen commonly used field-based physical fitness tests in a random and large national representative sample of Polish children aged 7 to 19 years. Schools are the most suitable settings to identify children with poor levels of physical fitness and to promote healthy behaviours (1) . Hence, these reference values constitute undoubtedly an important tool in the educational setting. This information allows the physical education teachers to early detect children with health problems and start immediate intervention. For instance, children that scored below the 2.3rd percentile should be taken as a "warning signal" due to their potential pathology. Therefore, these children should undergo clinical evaluation for the coexistence of other risk factors that may induce any future disease (20) , and should be encouraged to follow a healthier lifestyle e.g., engaging in the recommended daily levels of physical activity, reducing time in sedentary activities, or following a healthy diet. Then, the effect of intervention on the level of the child's physical fitness could be observed by following the evolution of percentile lines through the years.
Furthermore, the percentile values provided in the study could represent two additional contributions. From the point of view of prevention, these references enable the diagnosis and detection of those physical fitness components in children that are most deteriorated (e.g. below the 9th or 25th percentile) and susceptible to improvement with a physical exercise programme (20) . On the other hand, the current reference values could also be used by physical education teachers and coaches for the sport talent identification. In this case, children that have scored above the 91st or 97.7th percentile should be considered a talent for those sports for which that particular physical fitness component is relevant.
The results of the study show greater physical fitness levels in boys than in girls in all ages, except for the balance (flamingo balance test) and flexibility (sit-and-reach and stand-and-reach tests) in which girls performed slightly better. These differences became greater with increasing age. Furthermore, there was a trend towards increased physical fitness levels as the age increased in both boys and girls, although generally boys appeared to reach a plateau at 16 to 18 years while girls did so earlier at 13 to 15 years. The previous studies found similar results. For example, the studies on European children and adolescents found that boys performed better in cardiorespiratory fitness (10, (19) (20) (21) (22) , muscular strength (10, 20, 23, 24) , or speed (10, 20, 25) . However, the same studies found that girls performed better in flexibility tests (10, 20, 26) . Additionally, the same studies found a plateau approximately at the same ages. All these differences might be due to biological factors (gender-related changes in lean body weight and body fat or hormonal changes), and also to environmental factors (social interests, peer influence or lack of motivation toward physical activity) that undoubtedly urge girls to be less active than boys.
Apart fron the ICSPFT and Cooper tests, the EUROFIT fitness test battery was selected in this study because it is probably the most extended, validated and standardized method for assessing children's physical fitness in Europe (27) . However, some methodological problems with a few of the tests applied were found. Similarly to previous studies (10, 24) , for the bent-arm hang test a substantial number of children that scored 0 (1,889 boys, 8%; 2,684 girls, 12%) was observed. Then, for the flamingo balance test a large number of children that failed all possible attempts (940 boys, 4%; 737 girls, 3%) was also observed. Although there are definitely some differences in physical fitness among these children that failed, the tests were not able to discriminate them. Therefore, its usefulness and future use in children is questionable. In case of the flamingo balance test an alternative option could be to retain the time that child spends in the right position instead of the total number of attempts that he/she performs; though before its use, the validity of the modification of this test should be stud- ied. However, since for these two tests there was a large number of children with "problematic scores", it was decided to use all of them in the study (following the procedure described in the statistical analysis section) in order to not self-select the sample and, therefore, report falsely greater percentiles of the population. The main limitation of the study is related to its design. Physical fitness reference values in growing children should be preferably obtained from a longitudinal study, which gives the possibility to assess natural changes in individual development. Nevertheless, in the absence of this information, cross-sectional design analyzed by the appropriate statistical methods seems to be suitable. Another limitation of this study could be that the measures were taken by the physical education teachers instead of research team. However, recent studies have shown that physical education teachers achieve good reliability values administering field-based physical fitness tests (15) . On the other hand, if the measures were taken by research team, it could not be possible to obtain information based on such a large representative sample (49,281 children), which undoubtedly constitutes an important strength of the study.
In conclusion, the study provides gender and age-specific percentile values for fourteen commonly used field-based physical fitness tests among a random and large national representative sample of Polish children aged 7 to 19 years. The percentile values provided will enable the correct interpretation and monitoring of fitness status of Polish children. For many practical reasons, the physical education teachers might play a major role in helping to identify children with low levels of physical fitness. Therefore, introducing physical fitness testing in educational settings seems to be an important national health issue. For this purpose, close collaboration between the education system, health care and government appears to be crucial. 
